Purpose: To compare the accuracy of the activPAL and ActiGraph GT3X+ (waist and thigh) 25 proprietary postural allocation algorithms and an open source postural allocation algorithm 26 applied to GENEActiv (thigh) and ActiGraph GT3X+ (thigh) data. Methods: 34 adults (≥18 27 years) wore the activPAL3, GENEActiv and ActiGraph GT3X+ on the right thigh and an 28 ActiGraph on the right hip while performing four lying, seven sitting and five upright 29 activities in the laboratory. Lying and sitting tasks incorporated a range of leg angles (e.g., 30 lying with legs bent, sitting with legs crossed). Each activity was performed for five minutes 31 while being directly observed. Percent time correctly classified was calculated. Results: 32 Participants consisted of 14 males and 20 females (mean age 27.2±5.9 years; mean body 33 mass index of 23.8±3.7kg/m²). All postural allocation algorithms applied to monitors worn on 34 the thigh correctly classified ≥93% of the time lying, ≥91% of the time sitting and ≥93% of 35 the time upright. The ActiGraph waist proprietary algorithm correctly classified 72% of the 36 time lying, 58% of the time sitting and 74% of the time upright. Both the activPAL and 37 ActiGraph thigh proprietary algorithms misclassified sitting on a chair with legs stretched out 38 (58% and 5% classified incorrectly respectively). The ActiGraph thigh proprietary and open 39 source algorithm applied to the thigh worn ActiGraph misclassified participants lying on their 40 back with their legs bent 27% and 9% of the time, respectively. Conclusion: All postural 41 allocation algorithms when applied to devices worn on the thigh were highly accurate in 42 identifying lying, sitting and upright posture. Given the poor accuracy of the waist algorithm 43 for detecting sitting, caution should be taken if inferring sitting time from a waist-worn 44 device. 45 46 47 157 manufacturer's software for the thigh-worn activPAL, thigh-worn ActiGraph and waist-worn 158 ActiGraph (APAL PROP and T_AGRAPH PROP , and W_AGRAPH PROP , respectively). 159 Open source algorithms 160 GENEActiv data were downloaded using GENActiv PC software v2.2 and the raw .bin files 161 were converted into 15 second epoch csv files. The 15-s epoch files were imported into a 162 custom-built template in Excel that computed the most likely posture based on the relative 163
Introduction 48
Sedentary behaviour, defined as sitting or reclining with low energy expenditure during 49 waking hours (2216), has consistently been associated with morbidity and mortality (42, 53, 50 106-128, 2317, 271, 292) in adults. However, the majority of epidemiological studies to date 51 have employed either self-reported sedentary behaviour measures or objective measures that 52 infer sedentary behaviour through lack of movement (53, 292). Self-report questionnaires to 53 assess sedentary behaviour have consistently demonstrated poor validity and underestimate 54 sedentary behaviour (1). Objective measures that infer sedentary behaviour through lack of 55 movement may overestimate sedentary behaviour (i.e., due to upright activities with very 56 limited ambulation being recorded as sedentary) (18) . A key factor in furthering our 57 knowledge on sedentary behaviour and health, levels, patterns and determinants of sedentary 58 behaviour and the effectiveness of sedentary behaviour interventions is to use objective 59 devices that directly measure the posture of sitting and distinguish between sitting and 60 upright postures with limited movement (e.g., standing). This is important given that recent 61 experimental research has demonstrated that even light activity such as standing still can have 62 a positive effect on markers of health (64, 16, 260) . 63 Three devices that are capable of postural classification are the activPAL (all models), the 64 thigh worn GENEActiv and the ActiGraph (when worn on the waist or thigh). The activPAL 65 and ActiGraph are small tri-axial accelerometers that provide information on body posture 66 (i.e., lying, sitting and upright postures such as standing and stepping) using proprietary College of Sports Medicine, was that monitor data should be collected and saved as raw 73 signals, with data transformation carried out post processing to facilitate comparisons 74 between output regardless of which monitor is used (2, 7, 9, 28) . This is only possible if open 75 source algorithms are available for data processing. The open source algorithm for classifying 76 posture from a thigh-worn monitor was method was initially developed by ActivInsights 77 (Activinsights Ltd., Cambridgeshire, UK) for the GENEActiv; to date it has and been 78 validated using GENEActiv data, but not with data from other devices (2014).
79
The activPAL device has been extensively validated in both laboratory and free-living studies 80 (149, 150, 2115) , however very little research has been published on the validity of 81 the waist (31, 85) and thigh worn (2418, 2519) ActiGraph inclinometer algorithmfeature and 82 the thigh worn GENEActiv (2014). Furthermore, the majority of validation studies, including 83 those with the activPAL, have usually involved lying and sitting activities that are not fully 84 representative of daily postures. For example, lying in daily life usually involves lying on the 85 back or side with legs sometimes straight and sometimes bent. Sitting usually involves 86 different leg positions such as crossed legs or tucked under a chair for example. Studies to 87 date have not considered these types of activities in their validation methods. One exception 88 is the recently published study by Steeves and colleagues (2519) where participants wore the 89 activPAL and the ActiGraph on the thigh whilst completing sitting activities with different 90 leg positions (e.g., sitting with legs crossed at the knee). They found that the activPAL and 91 ActiGraph were highly accurate for some (e.g., sitting with legs crossed), but not all (e.g., were used during initialisation (i.e, 20Hz, 10 second minimum sitting and upright period).
130
The activPAL was attached midline on the anterior aspect of the right thigh using Hypafix 131 medical dressing.
132
The ActiGraph GT3X+ (Actigraph LLC, Pensacola, FL, USA) is a small (45×33×15 133 millimeters), lightweight (19 g) tri-axial accelerometer that can be worn on various body 134 locations including waist, wrist, ankle and thigh. Tthrough a proprietary postural algorithm 135 the ActiGraph, when worn on the waist, is capable of describing positional information 136 (lying, sitting, standing and non-wear) during periods of inactivity due to gravitational forces 137 acting on the orientation on the 3 axes. When the device is worn on the thigh, the lying and 138 sitting category is grouped together. ActiGraph devices were initialised to record at a 139 frequency of 100Hz and the low frequency extension filter was selected. Participants wore 140 two ActiGraph GT3X+ devices; one on an elastic belt around the waist on the right 141 7 midaxillary line of the hip and one on an elastic belt on the midline on the anterior aspect of 142 the right thigh (below the activPAL3 TM ).
143
The GENEActiv (Gravity Estimator of Normal Everyday Activity, Activinsights Ltd., 
Results

185
Participants consisted of 14 males and 20 females (mean age 27.21 ± 5.94 years (range 20-40 186 years); mean BMI 23.82 ± 3.68 kg/m²; range 18.64-32.58kg/m²). Table 1 presents the mean 187 percentage of time coded correctly, against direct observation, for each individual activity 188 and activities grouped by type (i.e., lying, sitting and upright) by each measurement method.
189
The APAL PROP and T_GACTIV OPEN classified all lying activities correctly 100% of the time. and found that the activPAL was highly accurate for most sitting postures. In agreement with 230 the current study they found that the activPAL misclassified (15% of the time) sitting with 231 legs outstretched but not to the extent of the current study (58%). This sitting position 232 changes the angle of the thigh slightly (i.e., knee angle increases above 90° and front of thigh 233 dips) and tThe misclassification during this particular activity suggests that the activPAL 234 proprietary angular parameters for the classification of sitting require the thigh to be close to 235 parallel to the ground (2519). As the activPAL algorithm is proprietary it is not possible to 236 investigate whether accuracy can be improved by adjusting the parameters, as would be 237 possible with an open source algorithm. It is important to acknowledge that the extent to 238 which this would impact on misclassification of sitting time during a typical 7-day free-living 239 data collection would depend on the prevalence of this type of sitting posture.
240
The use of the activPAL monitor in physical activity and sedentary behaviour research is 241 increasing rapidly (13) due to its ability to correct identify posture (14, 15, . The high to GENEActiv data has been demonstrated against the activPAL monitor (2014), however the 264 current study is the first to compare against direct observation. This is also the first study to However, it is important to acknowledge that although activities and postures included were 281 designed to mimic everyday behaviours, participants were instructed how to lie or sit and in a 282 free-living environment may perform the same behaviours in a slightly different manner.
283
Furthermore, our homogeneous sample of participants (i.e., narrow age range and 74% in the 284 normal weight category) may limit generalizability of results.
285
In summary we demonstrated that all thigh worn monitors, irrespective of type (proprietary or 286 open source) of algorithm, were highly accurate. It is important to note that it is not the 287 device or the algorithm per se that is accurate, it is the combination of the two. A major 288 limitation of any proprietary algorithm, in addition to the lack of transparency, is that it is 289 limited to a single device. In contrast, open source methods are much more flexible for 290 researchers to use (e.g., modifications can be made to angle thresholds for different 291 population groups) and allow algorithms to be applied to different devices enabling 
